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1
DELAY CIRCUIT

CROSS-REFERENCE TO RELAT.
APPLICATION

T
.

The present application claims priority from Japanese
application JP 2009-117955 filed on May 14, 2009, the con-
tent of which 1s hereby incorporated by reference 1nto this
application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a delay circuit for creating
a delay 1n a square wave.

2. Description of the Related Art

A delay circuit for creating a delay in a square wave 1s used
in a delay locked loop (DLL), for example. FIG. 7 1s a block
diagram showing the structure of a DLL. The DLL has a
phase detector (PD) 2, a charge pump 4, a capacitor C, and a
voltage controlled delay line (VCDL) 6.

A square-wave mput signal Vin 1s input to the phase detec-
tor 2 and the voltage controlled delay line 6. The voltage
controlled delay line 6 outputs to the phase detector 2 a delay
signal Vd1 for creating the delay of Vin in a quantity that
corresponds to a delay control signal Vent. The phase detector
2 produces a difference signal composed of a pulse whose
width corresponds to the phase difference between Vin and
Vdl1, and outputs the pulse to the charge pump 4.

The charge pump 4 converts the difference signal from the
phase detector 2 to an electric current, an electric current
directed so that the capacitor C 1s charged 1s produced 1n a
period 1 which the pulse 1n the difference signal 1s at an H
(high) level, and an electric current directed so that the capaci-
tor C 1s discharged 1s produced in a period in which the pulse
1s at an L (low) level. The capacitor C integrates the output
current of the charge pump 4 and produces a voltage (error
signal) that corresponds to the integration result. The error
signal 1s supplied to the voltage controlled delay line 6 as the
delay control signal Vcent.

The voltage controlled delay line 6 includes a plurality of
delay cells connected 1n series. FIG. 8 1s a circuit diagram of
a delay cell. The delay cell shown 1n FIG. 8 has a differential
amplifier circuit 1n which transistors M01, M02 constitute a
differential pair. The differential output of the preceding cell
1s input as an input signal Vcin to the differential pair. Tran-
s1stors M 03, M04 functioning as load resistors are connected
to the transistors M01, M02, respectively. The transistors
MO03, M04 are used 1n a triode region, and the on-resistance
Ron thereotf 1s controlled by the delay control signal Vent
impressed on a gate. The output signal Vcout of the differen-
tial amplifier circuit creates a delay relative to the input signal
Vcin 1n accordance with the time constant T (=Ron-Ct) of an
RC circuit composed of Ron and Ct, where Ct 1s the capaci-
tance between the ground and the output terminal of the delay
cell. Ina case 1n which, for example, the transistors M03, M4
are p-channel MOS transistors, the delay time of the voltage
controlled delay line 6 increases as a result of the fact that the
on-resistance Ron and the value of T both increase when the

voltage Vent increases 1n the positive region.
Patent Document 1: JP-A 2008-136031

SUMMARY OF THE INVENTION

The conventional voltage controlled delay line 6 described
above can generate noise pulses 1n the delay signal Vdl as
well 1n cases 1n which the mput signal Vin includes noise
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pulses. A case may be described, for example, 1n which a
frequency modulated (FM) signal 1s converted into a pulse
signal synchronized with the vibrations of the modulated
signal. A pulse signal 12 for switching between the H level
and the L level at every half cycle of the FM signal 10 as
shown by wavelorm (b) 1n FIG. 9 1s generated when the
noise-iree FM signal 10 shown by wavetorm (a) in FIG. 9 1s
binarized using a threshold setting at the center of the ampli-
tude. In contrast, narrow pulses (noise pulses 18) brought
about by a noise component 16 can be generated 1n the vicin-
ity of the timing at which the inherent FM signal 10 intersects
with the threshold, as shown by waveform (b) 1mn FIG. 10,
during binarization of an FM signal 14 such as the one shown
by waveform (a) in FIG. 10 and obtained by superposing the
noise component 16 on the waveiform of the inherent FM
signal 10. When a pulse signal 20 accompanied by the noise
pulses 18 1s compared with the pulse signal 12 shown by
wavelorm (b) 1n FIG. 9, a state 1s observed 1n which the pulse
signal 20 fluctuates 1n the direction of the temporal axis.
Inputting the pulse signal 20 into the conventional voltage
controlled delay line 6 causes noise pulses to appear 1n the
output delayed pulse signal, and a fluctuating state to develop.
The presence of the noise pulses becomes the cause of the
jtter 1 the subsequent signal processing of the delayed pulse
signal, and brings about problems such as a reduction in the
accuracy and reliability of the signal processing.

FIG. 11 1s a schematic diagram of a signal waveform
describing the problem 1n a DLL using a conventional voltage
controlled delay line 6. Waveform (a) in FIG. 11 shows the
iput signal Vin. Vin 1s a pulse signal 20 accompanied by the
noise pulses 18. Wavetorm (b) imn FIG. 11 shows the delay
signal Vd1 output by the voltage controlled delay line 6.
Noise pulses 22 switched at a narrow cycle 1n accordance
with the noise pulses 18 appear 1n the portions (rising edge,
trailing edge) of Vd1 where the signal level 1s switched as
described above. The phase detector 2 outputs a signal
expressed by the exclusive-or of Vin and Vd1 as a signal Vpd
that corresponds to the phase difference between Vin and
Vdl. Wavetform (c¢) in FIG. 11 shows an output current Icp of
the charge pump 4 relative to the signal Vpd from the phase
detector 2. Noise pulses 24, 26 corresponding to the wave-
form of the noise pulses 18, 22 appear 1n the electric current
Icp. The capacitor C integrates the electric current Icp and
generates the delay control signal Vent. Wavetorm (d) in FIG.
11 shows the variation in the delay control signal Vent. Vent
rises (wavetorm 28) during the period 1in which the output
current Icp of the charge pump 4 flows 1n the charging direc-
tion, and declines (waveform 30) during the period 1n which
Icp flows 1n the discharging direction. Vent has substantially
flat waveforms 32, 34 during the period of the noise pulses 24,
26 as a result of the fact that the charge and discharge sub-
stantially cancel out each other. A problem arises 1n the period
in which Vcent 1s flat 1n that a dead zone 1n which the loop
control of the DLL does not function 1s generated without any
change 1n the delay of the voltage controlled delay line 6.

The demodulated signal of the FM signal can be obtained
on the basis of Vent 1n cases 1n which Vin 1s an FM signal. In
this case, the presence of a flat period attributable to the noise
pulses described above presents a problem 1n that the gain of
the demodulated signal 1s caused to decrease and the S/N ratio
1s reduced.

The present invention, which was created in order to solve
the above problems, provides a delay circuit 1n which the
delay fluctuations attributable to noise pulses are reduced,

making 1t possible to improve the accuracy and reliability of
the DLL and to increase the S/N ratio of an FM demodulator
in which the DILL 1s used.
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In the delay circuit according to the present invention, the
level of an output signal 1s delayed and switched relative to
the switching between two levels 1n an mput signal; 1n a
pertod 1 which the output signal 1s at a first output level
correlated with a first input level of the input signal, the
predetermined quantity to be evaluated 1s increased according,
to an 1ntegrated value of a period 1n which the mput signal 1s
at a second 1input level, and the output signal 1s switched from
the first output level to a second output level when the quan-
tity to be evaluated exceeds a predetermined upper threshold;
whereas 1n a period 1n which the output signal 1s at the second
output level correlated with the second input level, the quan-
tity to be evaluated 1s reduced according to the integrated
value of a period 1n which the mput signal 1s at the first input
level, and the output signal 1s switched from the second output
level to the first output level when the quantity to be evaluated
talls below a lower threshold set lower than the upper thresh-

old.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram showing the general structure of
an FM demodulator as an embodiment of the present inven-
tion;

FI1G. 2 1s a general circuit diagram of a phase detector and
a charge pump;

FI1G. 3 1s a schematic diagram of signal wavelorms describ-
ing the operation of a DLL 1n an embodiment of the present
invention;

FI1G. 4 1s a general circuit diagram showing a delay circuit
according to the present invention;

FIG. 5 1s a schematic signal wavetorm diagram describing
the operation of the delay circuit in FIG. 4;

FIG. 6 1s a general circuit diagram showing another struc-
ture of a delay circuit according to the present invention;

FIG. 7 1s a block diagram showing the structure of a con-
ventional DLL;

FIG. 8 1s a circuit diagram of delay cells that constitute a
conventional voltage controlled delay line;

FIG. 9 1s a schematic diagram showing a noise-free FM
signal and a wavetform 1n which the signal 1s binarized;

FIG. 10 1s a schematic diagram showing a noise-super-
posed FM signal and a waveform in which the signal 1s
binarized; and

FIG. 11 1s a schematic diagram of a signal waveform
describing the problems 1n a DLL using a conventional volt-
age controlled delay line.

DETAILED DESCRIPTION OF THE INVENTION

Described below based on the diagrams are a delay circuit,
a DLL, and an FM demodulator as embodiments of the
present invention. FIG. 1 1s a block diagram showing the
general structure of an FM modulator 50 as an embodiment of
the present invention. The FM modulator 50 has a waveform
conversion circuit 52 and a DLL 54. The DLL 54 1s an
embodiment of a delay locked loop according to the present
invention, and has a phase detector 56, a charge pump 58, a
capacitor C, and a delay part 60.

The wavelorm conversion circuit 52 mputs an FM signal
Vim of an analog signal and generates a pulse signal Vsq
obtained by binarizing fluctuations of the FM signal. For
example, the wavelorm conversion circuit 52 1s composed of
a comparator in which the center level of the amplitude of the
FM signal Vim constitutes the threshold, outputs an L level
during the period 1n which Vim falls below the threshold, and,
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4

conversely, outputs an H level during the period in which Vim
1s at or above the threshold. The pulse signal Vsq 1s the input
signal for the DLL 54.

The pulse signal Vsq, which 1s the signal input to the DLL
54, 1s input to the phase detector 56 and the delay part 60. The
delay part 60 outputs to the phase detector 56 a delay signal
Vdl1 for delaying Vsq 1n a quantity that corresponds to a delay
control signal Vcnt. The phase detector 56 generates a differ-
ence signal composed of a pulse whose width corresponds to
the phase diflerence between Vsq and Vdl, and outputs the
pulse to the charge pump 58.

The charge pump 58 and the capacitor C constitute a loop
filter for generating a control signal (delay control signal
Vent) for the delay part 60 on the basis of the output of the
phase detector 56. The charge pump 38 converts a phase
detection result signal from the phase detector 56 into an
clectric current; generates, for example, an electric current 1n
the direction of charging the capacitor C 1n a period in which
the pulse 1n the difference signal 1s at the H level, and gener-
ates an electric current 1n the direction of discharging the
capacitor C 1n a period in which the pulse 1s at the L level. The
capacitor C integrates the output current of the charge pump
58 and produces a voltage (error signal) that corresponds to
the integral result. The error signal 1s supplied to the delay
part 60 as the delay control signal Vent.

The DLL 54 operates so as to provide synchronization with
the frequency-modulated pulse signal Vsq by using feedback
control. The result 1s that the delay control signal Vent for the
delay part 60 in DLL 54 has a voltage that corresponds to the
frequency shift amount of Vsq, and the FM modulator 5
outputs Vent as a demodulated signal Vdemo of the FM signal
Vim.

FIG. 2 1s a general circuit diagram of the phase detector 56
and the charge pump 58. The phase detector 56 inputs the
pulse signal Vsq and the delay signal Vd1, compares the
phases thereol, and outputs a difference signal that corre-
sponds to the phase difference to the charge pump 38. The
charge pump 58 generates and outputs an electric current that
corresponds to the difference signal.

The phase detector 56 1s composed of a Gilbert cell mixer
circuit. The circuit 1s a double-balanced multiplier circuit and
has a differential pair 70 composed of n-channel MOS tran-
sistors M1, M2 whose sources are jointly connected to a
current generator 10, a differential pair 72 composed of
n-channel MOS transistors M3, M4 whose sources are jointly
connected to the drain of the transistor M1, and a differential
pair 74 composed of n-channel MOS transistors M5, M6
whose sources are jointly connected to the drain of the tran-
sistor M2. For example, the pulse signal Vsq 1s mnput 1n the
form of a differential signal to the gates of the transistors M1,
M2 1n the differential pair 70, and the delay signal Vd1l is
input in the form of a differential signal to the differential
pairs 72, 74. One side of the differential signal Vd1 1s input to
the gates of the transistors M3, M6 1n the differential pairs 72,
74 and another side of the differential signal Vd1 1s input to
the gates of the transistors M4, M5 1n the differential pairs 72,
74.

The phase detector 56 generates a signal that corresponds
to the product of Vsq and Vd1, and outputs the signal to the
charge pump 58 as a difference signal. Specifically, the elec-
tric current 10 tlows to a p-channel MOS transistor M7 jointly
connected to the respective drains of the transistors M3, M5 1n
cases 1n which the combination (Vsq, Vd1) of the H/L levels
ol Vsqimpressed on the gate of the transistor M1 and the H/L
levels o1 Vd1 impressed on the gates of the transistors M3, M6
1s (H, H) and (L, L), whereas the electric current 10 tlows to a
p-channel MOS transistor M8 jointly connected to the respec-
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tive drains of the transistors M4, M6 1n cases 1n which the
combination 1s (H, L) and (L, H). The electric currents (or the
gate potentials thereol) tlowing through the transistors M7,
M8 constitute a difference signal.

The charge pump 58 has a transistor M9 that forms a pair
with the transistor M7 and constitutes a current mirror circuit,
a transistor M10 that forms a pair with the transistor M8 and
constitutes a current mirror circuit, and a current mirror cir-
cuit constructed from transistors M11, M12. The electric
current flowing through the transistor M8 1s replicated 1n the
transistor M10, and flows toward an output terminal Ncp of
the charge pump 58. The channels of the transistor M9 and the
transistor M11 are connected in series to each other, the
electric current of the transistor M7 1s reversed in the two
current mirror circuits, and the electric current of the transis-

tor M7 1s replicated 1n the transistor M12. The transistor M12
generates an electric current directed toward the transistor
M12 from the output terminal Ncp.

FIG. 3 1s a schematic diagram of signal waveiforms describ-
ing the operation of the DLL 54. Waveform (a) in FIG. 3

expresses the pulse signal Vsq. Vsq expresses a pulse signal
accompanied by noise pulses 80, 82. Wavelorm (b) in FIG. 3
expresses the delay signal Vd1. Noise pulses that correspond
to the noise pulses 80, 82 are removed from the portions
(rising edge, trailing edge) of Vd1 where the signal level 1s
switched, as described below.

Wavetorm (¢) in FIG. 3 expresses an output current Icp of
the charge pump 58. Icp 1s a positive electric current, and
flows 1n the direction of charging the capacitor C 1n cases 1n
which (Vsq, Vdl) are (H, H) and (L, L), whereas Icp 1s a
negative electric current, and flows 1n the direction of dis-
charging the capacitor C in the case of (H, L) and (L., H). The
absolute values of Icp 1n both states are set so as to be sub-
stantially equal to each other.

The capacitor C integrates the electric current Icp and
generates the delay control signal Vent. Wavelorm (d) 1n FIG.
3 expresses the variation 1n the delay control signal Vent. Vent
rises (waveform 90) in the period 1n which the output current
Icp of the charge pump 58 1s positive, and declines (wavelorm
92) 1n the period 1n which Top 1s negative.

The delay part 60 1s constructed using a delay circuit 100
according to the present invention. The delay circuit 100 1s a
delay circuit in which the level of the output signal Vdo
thereol 1s delayed and switched relative to the switching
between the two levels H, L 1n the mput signal Vdi thereof.
The delay circuit 100 can be configured so that a signal
obtained by delaying the iput signal Vdi 1s inverted and
output. In this case, however, a configuration 1s adopted 1n
which the mput signal Vdi 1s merely delayed and output
without being inverted.

In the pure delay structure, the L level 1s correlated as a first
output level of the output signal Vdo with the L level (first
input level) of the input signal Vdi, and the H level 1s corre-
lated as a second output level of the output signal Vdo with the
H level (second mput level) of the mnput signal Vdi. In the
delay circuit 100, 1n a period 1n which the output signal Vdo
1s at the L level, a predetermined quantity Es to be evaluated
1s 1ncreased according to an integrated value of a period 1n
which the mput signal Vdi 1s at the H level, and the output
signal Vdo 1s switched from the L level to the H level when the
quantity Es to be evaluated exceeds a predetermined upper
threshold Vthl. On the other hand, 1n a period in which the
output signal Vdo i1s at the H level, the quantity Es to be
evaluated 1s reduced according to the integrated value of a
period 1n which the input signal Vdi 1s at the L level, and the
output signal Vdo 1s switched from the H level to the L level
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6

when the quantity Es to be evaluated declines below a lower
threshold Vth2 set lower than the upper threshold Vthl.

FIG. 4 1s a general circuit diagram showing the delay
circuit 100 as an embodiment of the delay circuit of the
present mvention. In the delay circuit 100, the pulse signal
V'sq 1s input as the input signal Vdi, and the delay signal Vdl
1s output as the output signal Vdo. The delay circuit 100 has a
Schmitt comparator 102 (Schmaitt trigger comparator), a
capacitor Cst, and a charge/discharge circuit 104.

The capacitor Cst 1s charged and discharged by the charge/
discharge circuit 104 according to the mput signal Vdi, and
generates a voltage Vst that corresponds to the amount of
charge. The voltage Vst 1s the quantity Es to be evaluated 1n
the delay circuit 100. The voltage Vst constitutes the input
voltage of the Schmitt comparator 102. As can be understood
from the operation described below, the delay circuit 100
creates a delay that corresponds with the time needed to
charge and discharge the capacitor Cst.

In the Schmitt comparator 102, the upper threshold Vthl
and the lower threshold Vth2 are set for the input voltage Vst,
the output signal Vdo 1s switched from the L level to the H
level when Vst exceeds the upper threshold Vthl, and the
output signal Vdo 1s switched from the H level to the L level
when Vst declines below the lower threshold Vth2.

The charge/discharge circuit 104 alternatively outputs a
charging current to charge the capacitor Cst and a discharging
current to discharge the capacitor Cst. Specifically, in the
charge/discharge circuit 104, the charging current 1s selec-
tively output in the period 1n which the output signal Vdo 1s at
the L level and the mput signal Vdi 1s at the H input level, and
the discharging current 1s selectively output 1n the period in
which the output signal Vdo 1s at the H level and the input
signal Vdi 1s at the L input level.

The charge/discharge circuit 104 shown in FIG. 4 has
electric current sources 11, 12; switches SW1 to SW3; and an
inverter 106. The electric current source I1 1s provided
between a positive voltage Vdd and the capacitor Cst, and
generates the discharging current. On the other hand, the
clectric current source 12 1s provided between a ground poten-
tial GND and the capacitor Cst, and generates the discharging
current.

The switch SW3 1s a switch (charge/discharge selection
switch) for selecting whether to connect either the electric
current source I1 or the electric current source 12 to the
capacitor Cst. The switch SW3 1s controlled by the output
signal Vdo, and the switch selects the electric current source
I1 when the output signal Vdo 1s at the L level, and selects the

clectric current source 12 when the output signal Vdo 1s at the
H level.

The switch SW1 1s connected 1n series between the electric
current source 11 and the switch SW3, and 1s a switch (dis-
charge control switch) for selectively establishing an on-state
in the period 1n which the mnput signal Vdi1s at the H level. For
example, the switch SW1 can be constituted of an re-channel
MOS transistor in which the input signal Vdi 1s impressed on
the gate.

The switch SW2 1s connected 1n series between the electric
current source 12 and the switch SW3, and 1s a switch (dis-
charge control switch) for selectively establishing an on-state
in the period 1n which the imput signal Vdiis atthe L level. The
switch SW2, similar to the switch SW1, 1s constituted of an
n-channel MOS transistor; an input signal Vdi inverted by the
inverter 106 1s impressed on the gate of the switch; and the
on/ofl-state 1s controlled by this switch 1n complementary
tashion relative to the switch SW1.

FIG. 5 1s a schematic signal waveform diagram describing
the operation of the delay circuit 100. Wavetorm (a) in FIG. 5
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1s a wavelorm of the mput signal Vsq (Vdi), and shows a case
in which a pulse 110 1s an 1deal wavetform unaccompanied by
noise pulses 80, 82. In reality for this wavelorm, the noise
pulses 80, 82 can accompany the input signal Vsq in the
portions (rising edge, trailing edge) in which the signal levels
thereol are switched. Waveform (b) 1n FIG. 5 shows a sche-
matic wavelorm of a pulse 110a of the input signal Vsq
accompanied by the noise pulses 80, 82.

Wavetorm (¢) 1n FIG. 5 shows a signal wavetorm of the
voltage Vst of the capacitor Cst. Variations of Vst in relation
to the input signal having waveform (b) 1n FIG. 5 are shown
by the solid line 112, and variations of Vst in relation to the
input signal having waveform (a) in FIG. 5 are shown by the
dashed line 114. Wavetorm (d) in FIG. 5 shows the wavelorm
of the output signal Vdl (Vdo) of the Schmitt comparator
102.

The operation of the delay circuit 100 over time will now be
described 1n sequence 1n a process 1 which the 1deal 1mput
signal Vsq shown by wavetorm (a) in FIG. 3 changes to the H
level from the L. level, and then to the L level {from the H level.

In a state in which Vsq and Vdl1 are at the L level (at time
to, for example), the switch SW3 selects the electric current
source I1, and the switch SW1 1s in the off-state. In this state,
the charging current and the discharging current do not tlow
through the capacitor Cst, and Vst 1s substantially invariable.

The switch SW1 1s then kept 1n the on-state relative to the
ideal pulse 110 when the timing t1 of the rising edge of the
input signal Vsq shown by waveform (a) in FIG. 5 has
clapsed. The capacitor Cst 1s then charged, Vst rises, and
when Vst exceeds the upper threshold Vthl (at time t2), the
Schmitt comparator 102 switches states, and the output signal
Vdl1 assumes the H level. On the other hand, the input signal
Vsq having noise pulses generates noise pulses 80 1n the
period before and after time t1. The switch SW1 1s 1n the
on-state in the H-level period, which 1s part of the period 1n
which the noise pulses 80 are created, the charging current
flows through the capacitor Cst, and Vst rises, but the capaci-
tor Cst1s not charged or discharged and Vst stops rising 1n the
L-level period, which 1s part of the period in which the noise
pulses 80 are created. As a result, Vst starts rising prior to time
t1 from the beginning of the noise pulses 80, but the rise 1s
relatively slow. For example, 1n the pulse signal Vsq gener-
ated from the FM signal Vin by the waveform conversion
circuit 52, the duty ratio during the generation period of the
noise pulses 80 1s about 50%, and the time when Vst reaches
the upper threshold Vthl 1s substantially the same as in the
case of the 1deal Vsq. Specifically, the difference between the
time when the signal of the solid line 112 reaches the upper
threshold Vthl and the time when the signal of the dashed
lined 114 reaches the upper threshold Vthl 1s reduced com-
pared with the generation period of the noise pulses 80, and
the fluctuation of the rising edge timing of the output signal
Vd1 brought about by the noise pulses 80 1s inhibited.

The switch SW3 selects the electric current source 12 when
Vstexceeds Vthl and Vd1 1s switched to the H level. In a state
in which Vsq and Vd1 are at the H level (at time (3, for
example), the switch SW3 selects the electric current source
12, and the switch SW2 is in the off-state. In this state, the
charging current and the discharging current do not flow
through the capacitor Cst, and Vst 1s substantially invariable.

The switch SW2 1s subsequently kept in the on-state rela-
tive to the 1deal pulse 110 when the timing t4 of the trailing
edge of the 1nput signal Vsq shown by waveform (a) in FIG.
5 has elapsed. The capacitor Cst 1s then discharged, Vst
decreases relatively quickly, and when Vst exceeds the lower
threshold Vth2 (at time t3), the Schmitt comparator 102
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level. On the other hand, the mput signal Vsq having noise
pulses generates noise pulses 82 1n the period betore and after
time t4. The switch SW2 1s in the on-state 1n the L-level
period, which 1s part of the period 1n which the noise pulses 82
are created, the discharging current tlows through the capaci-
tor Cst, and Vst decreases, but the capacitor Cst 1s not charged
or discharged and Vst stops decreasing in the H-level period,
which 1s part of the period 1n which the noise pulses 82 are
created. As aresult, Vst starts decreasing prior to time t4 from
the beginning of the noise pulses 82, but the decrease 1s
relatively slow. For example, 1n the pulse signal Vsq gener-
ated from the FM signal Vin by the waveform conversion
circuit 52, the duty ratio during the generation period of the
noise pulses 82 1s about 50%, and the time when Vst reaches
the lower threshold Vth2 1s substantially the same as in the
case of the 1deal Vsq. Specifically, the difference between the
time when the signal of the solid line 112 reaches the lower
threshold Vth2 and the time when the signal of the dashed
lined 114 reaches the lower threshold Vth2 1s reduced com-
pared with the generation period of the noise pulses 82, and
the fluctuation of the trailing edge timing of the output signal
Vd1 brought about by the noise pulses 82 1s inhibited.

By the operation of the delay circuit 100 described above,
noise pulses that correspond to the noise pulses 80, 82 are
removed (refer to wavetorm (b) 1n FIG. 3) from the portions
(rising edge, trailing edge) of the delay signal Vd1l where
signal levels are switched. In addition, fluctuations of the
switch timing of the output signal Vd1 brought about by the
noise pulses 80, 82 are 1nhibited.

The electric current sources 11, 12 are variable electric
current sources, and can control the delay time in the delay
circuit 100 by varying the supplied amount of electric current
according to the delay control signal Vent. The delay time 1s
teedback controlled so as to keep the phase difference of the
delay signal Vd1 1n relation to the pulse signal Vsq at 90° by
using the delay control signal Vent generated on the basis of
the phase detection result in the phase detector 56.

Short-period iversions of the electric current Icp (noise
pulses 26 1n wavetorm (b) of FIG. 11) are produced to a lesser
extent at the time the electric current Icp synchronized with
the switching (at times t2, t5) of the delay signal Vd1 inverts
from the positive electric current Icp to a negative current.
This 1s because noise pulses that correspond to the noise
pulses 80, 82 from the delay signal Vd1 are removed. As a
result, in the period when the delay control signal Vent moves
from the rise (wavetorm 90 1n wavelorm (d) of FIG. 3) to the
fall (wavetorm 92 1n waveform (d) of FIG. 3), a flat period
(wavelorm 34 in waveform (d) of FIG. 11) becomes difficult
to generate, the occurrence of dead zones 1n the loop control
of DLL 54 1s inhibited, and the S/N ratio of the demodulated
signal Vdemo of the FM demodulator 50 can be improved.

In the structure of the atorementioned DLL 54, the noise
pulses 84 that correspond to the noise pulses 80, 82 during the
switching of the signal level of the pulse signal Vsq remain 1n
the electric current Icp (refer to wavetorm (¢) in FIG. 3). The
noise pulses 84 can be removed 1f a delay circuit that 1s similar
to the delay circuit 100 provided to the delay part 60 and has
a fixed delay amount 1s provided subsequent to the wavetform
conversion circuit 52 or the phase detector 56. The occurrence
of tflat periods in the period when the delay control signal Vent
moves from the fall to the rise 1s thereby inhibited, and further
improvement 1s achieved 1n terms of reducing the dead zones
in the control loop of the DLL 54 and raising the S/N ratio of
the demodulated signal Vdemo of the FM demodulator 50.

The delay part 60 may be a structure obtained by connect-
ing 1n series the delay circuit 100 and another delay circuat,
such as the conventional voltage controlled delay line 6, for
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example. In this case, the amount of delay 1s fixed 1n the delay
circuit 100, and the other delay circuit can be constituted of a
circuit capable of controlling the amount of delay using the
delay control signal Vent.

FIG. 6 1s a general circuit diagram showing another struc-
ture of a delay circuit according to the present invention. The
delay circuit 120 1n FIG. 6 differs from the delay circuit 100
in FIG. 4 1n having a charge/discharge circuit 122 instead of
the charge/discharge circuit 104. The charge/discharge circuit
122 1s constructed using a ditferential pair 124 composed of
n-channel MOS transistors M20, M21; a current mirror cir-
cuit 126 composed of transistors M22, M23; an electric cur-
rent source 13; switches SW4, SWS5: and inverters 128, 130.
The respective sources of the transistors M20, M21 are con-
nected to the electric current source 13 via the switch SWS.
The electric current of the transistor M20 1s reversed 1n the
current mirror circuit 126 and used to charge the capacitor
Cst. On the other hand, the current of the transistor M21 1s
used to discharge the capacitor Cst.

The supply of electric current to the differential pair 124
from the electric current source 13 1s turned on/ofif by the
switch SW5 controlled by the input signal Vda.

For example, the switch SW3 1s composed of an n-channel
MOS transistor. The input signal Vdi 1s impressed on the gate
of the switch at unchanged polarity when the output signal
Vdo 1s at the L level. On the other hand, the input signal Vdi
inverted by the inverter 130 1s impressed on the switch SWS
when the output signal Vdo 1s at the H level. The switch SW4
controlled by the output signal Vdo switches to impressing
the input signal Vdi on the switch SW3S with or without
1nversion.

According to the present invention described above with
reference to the embodiments, 1t 1s possible to provide a delay
circuit 1n which fluctuation of the amount of delay brought
about by noise pulses can be reduced.

What 1s claimed 1s:

1. A delay circuit for delaying and switching the level of an
output signal relative to the switching between two levels in a
single iput signal, wherein:

in a period in which the output signal 1s at a first output level

correlated with a first input level of the mput signal, a
predetermined quantity to be evaluated 1s increased
according to an integrated value of a period 1n which the
iput signal 1s at a second mput level, and the output
signal 1s switched from the first output level to the sec-
ond output level when the quantity to be evaluated
exceeds a predetermined upper threshold; and
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in a period i which the output signal is at a second output
level correlated with the second mput level, the quantity
to be evaluated 1s reduced according to the integrated
value of a period in which the input signal 1s at a first
input level, and the output signal 1s switched from the
second output level to the first output level when the
quantity to be evaluated declines below a lower thresh-
old set lower than the upper threshold.

2. The delay circuit of claim 1, comprising:

a Schmitt trigger comparator for setting the upper thresh-
old and the lower threshold for an input voltage, and
outputting the output signal;

a capacitor for inputting a voltage that corresponds to an
amount of charge to the Schmutt trigger comparator; and

a charge/discharge circuit for alternatively outputting a
charging current to charge the capacitor and a discharg-
ing current to discharge the capacitor; wherein the
charge/discharge circuit selectively outputs the charging
current 1n a period 1n which the output signal 1s at the first
output level and the mput signal 1s at the second 1nput
level; and

wherein the charge/discharge circuit selectively outputs
the discharging current in a period i which the output
signal 1s at the second output level and the input signal 1s
at the first input level.

3. The delay circuit of claim 2, the charge/discharge circuit

having:

a charging current source for generating the charging cur-
rent; a discharging current source for generating the
discharging current;

a charge/discharge selection switch provided between the
capacitor and the charging current source and discharg-
ing current source, and used to connect the charging
current source and the capacitor 1n a period 1n which the
output signal 1s at the first output level, and to connect
the discharging current source and the capacitor in a
period 1n which the output signal 1s at the second output
level;

a charge control switch connected in series between the
charging current source and the charge/discharge selec-
tion switch, and used to selectively establish an on-state
in a period in which the mput signal 1s at the second 1nput
level; and

a discharge control switch connected 1n series between the
discharging current source and the charge/discharge
switch, and used to selectively establish the on-state 1n a
period in which the input signal 1s at the first input level.
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